We investigated the relationship between language disturbances and the impairment of rhythmic capabilities (temporal perception & expression) in the patients with thalamic hemorrhage and compared them to patients with cortical lesions to probe the relationship of the thalamus to the mechanism of aphasic symptoms. 101 right-handed individuals, including 12 with thalamic hemorrhage, were studied to analyze language (verbal) and rhythmic (non-verbal) functions. Comparison of left-and right-hemisphere damaged patients revealed significant hypofunction of language and rhythmic capabilities in the group with lesions of left hemisphere. Some correlation could be seen between the rhythm disturbance and the language impairments in terms of severity and types. In contrast, the patients with thalamic hemorrhage showed a dissociation between the severely abnormal rhythm (non-verbal) and milder language (verbal) impairments. The language function values were constantly higher in the cases with thalamic hemorrhage than with cortical damages, while rhythmic capabilities were reduced, a tendency unlike that of the group with cortical damages. These findings suggest that language is primarily a function of the cerebral cortex of the dominant hemisphere, and that the thalamic area, necessary for the timing mechanism (rhythmic function), plays a part in the overall mechanism of aphasic symtomatology.-thalamic hemorrhage; thalamic aphasia; rhythmic capability; cortical function; thalamic function In general, linguistic competence and speech faculties are subserved by Wernicke's and Broca's zones of the dominant hemisphere (Penfield and Roberts 1959) , and aphasic syndromes are generally associated with cortical lesions involving these areas (Luria 1977) .
hypothesis that cortico-thalamic systems co-sponsor intellectual activity in man. Penfield and Roberts (1959) , based on the data of their electrical stimulation studies, suggested that subcortical structures, particularly the thalamus, subserved speech functions comparable to those of the cortical speech area. The Penfield hypothesis was supported by a number of investigators (Osgood and Miron 1963; Schuell et al. 1964; Lenneberg 1967; Ojemann et al. 1968 ; Ojemann and Ward 1971) .
Other investigators, however, have noted problems with this hypothesis. Alexander and Loverme (1980) , Naeser et al. (1982) , Damasio et al. (1982) , Benson (1979) and others have pointed out that the aphasic syndromes following damage to the thalamus and nearly subcortical structures differ from those caused by damage to cortical language areas. These studies have shown that although aphasia does not inevitably follow left-sided thalamic ablations or stimulations, it does occur often.
Our previous reports (Nakamura 1980; Nakamura et al. 1981a, b) suggested that brain damaged patients, including those with thalamic lesions, had remarkable impairments of rhythmic capabilities (temporal perception and expression). More specifically, patients with thalamic lesions showed a marked rhythm disturbance despite relatively mild aphasic symptoms. This finding was quite different from those in cortically damaged patients.
In the present study, we investigate the relationship between language (verbal) disturbances and the impairment of rhythmic (non-verbal) capabilities in patients with thalamic area hemorrhage and compare them to patients with cortical lesions. Based on these observations, the relationship of the thalamus to the mechanism of aphasic symptoms is discussed.
CLINICAL MATERIALS AND METHODS
Clinical materials. One hundred one right-handed individuals (Table 1), including 12 patients with thalamic hemorrhage were studied: 48 patients with cortical lesions of left hemisphere were aphasics (Table 2 ). 20 patients with cortical lesions of right hemisphere were non-aphasic (Table 3) , and 14 of these 20 cases showed some neuropsychological deficits without dementia. Their mental status were evaluated based on the neurobehavioral evaluation procedures (Cummings and Benson 1983) . Our twelve thalamic patients (Table  4) has CT evidence of primary thalamic hemorrhage (Fig. 1) . Their neurological findings were based on the examination on admission.
Prognosis was evaluated according to the ability to perform activities of daily living (ADL) 2 months after onset ( Table 4 ). All of these 81 patients who had cerebrovascular diseases and 20 normal controls were examined to analyze their language and rhythmic functions.
Methods. The Standard Language Test for Aphasia (SLTA), a validated Japanese aphasia evaluation plus some tasks demanding short composition were administered to evaluate language function.
18 items (Table 5) the rhythmic capabilities and the highly functional system in the brain. It is composed of 6 items including 40 questions as previously reported (Nakamura et al. 1981a (Nakamura et al. , 1984 and is outlined in Table 6 . Briefly stated the instrumentation and the test administered are as follows.
Instrumentation
Perception rhythm test. A high drum and a buzzer were required to produce the auditory rhythmic pattern and sequences. The auditory input of the Test A-(1) and the Test A-(3) were presented with the drum sounds, while the buzzer was employed in presenting the auditory input of the Test A- (2) . These auditory inputs of the rhythmic pattern and its sequences for the complete experiments were prerecorded on magnetic tape and played to the subjects.
Expression rhythm test. The instrumentation to measure the performance of rhythm expression (finger-tapping) was required. We devised the instrument "Tapping-Measure" (Nakamura et al. 1981a , patent pending), and it was employed in the present study. The "Tapping -Measure" includes an electronic key, a pen-recorder, a transducer, and an auditory feedback circuit. Tapping pressure and its duration were automatically recorded as the tapping-waves on the recording paper by the pen-recorder of our instrument. The auditory feedback circuit of the instrument can produce what the subject taps in concurrent with the subject's tapping. The reproduced sounds are presented to the subject just the same condition as the human's speech mechanism can give us. Nakamura 1980 Nakamura , 1981 . These patterns can be usually found out in our daily speech activities, and each rhythmic pattern is composed of two, three, of four rhythmic constituents, corresponding to the structure of a syllable or a word. These rhythmic patterns were presented almost at the same speed as our normal speech (750 msec-1.5 sec/one rhythmic pattern, 185-555 msec/one rhythmic constituent). They were tested with each trial after some training trials.
Perception rhythm test
Test A-(I). This test consisted of 10 pairs of the identical rhythmic patterns or the different ones with an interpulse interval of 2 sec and then the subjects were required to report if the two rhythmic patterns of a pair were the 'same' or 'different (not same)'. Each rhythmic pattern was repeated four times with about 200 msec interval.
Test A-(II). The rhythmic pattern was repeated seven times successively without an interval. Then, the subjects were required to report if the rhythmic patterns were 'changed' or 'no changed' in the middle of the rhythmic sequence. Each rhythmic sequence was presented once per trial, and five trials were undergone.
Test A-(III). This test consisted of 5 pairs of the identical rhythmic structures or the different ones with an interval of 2 sec, the subjects were required to report if the two rhythmic structures of a pair were the 'same' or 'different'. To say more precisely, in four pairs, the rhythmic patterns of both rhythmic structures were same, but both rhythmic structures of each pair were different in the position of the accents. Then, the subjects were required to notice such a structual change in the rhythmic sequences.
This present study empolyed the natural testing condition: We provided the input to both-ears simultaneously (binaural presentation) in a free field situation. The auditory input of rhythm-sounds was presented to the subjects at a sound pressure level of 60-80 db SPL basically, but we also tried to present the input at efficient score of the audiometry.
Expression rhythm test
Test B-(I). The rhythmic pattern was presented three times successively with the 400 msec intervals, and then the subjects were required to produce one time the same rhythmic pattern that we presented: The subjects were required to tap the electronic key with the index finger in order to reproduce the rhythmic pattern. Ten trials were undergone.
Test B-(II). The rhythmic pattern was presented three times successively with no interval. Then, the subjects were required to repeat the same rhythmic pattern we presented, and also required to keep on tapping it until the 'stop' sign was presented: The subjects had to produce the rhythmic sequence. Six trials were undergone.
Mechanisms in Language and Rhythmic Performance
Test B-(III). Each auditory stimulus consisted of 8 rhythmic sequences, and each sequence was composed of two, three, or four rhythmic patterns. Each auditory stimulus was presented twice per trial. At the first presentation, the subjects were required to follow the examiner's hand-clapping to keep times. Then, at the second presentation, the subjects were required to keep times by themselves to the presented rhythmic sounds with handclapping. Four trials were undergone.
RESULTS

Language test.
The results of the language tests on our subjects are presented in Table 7 . All patients with left cortical lesions showed significant language dysfunction, and each type of aphasia showed its own pattern of language disturbances (Fig. 2 ). Normals and 6 of the 20 patients in right-hemisphere damage group showed no language impairment, and the remaining 14 patients showed some difficulties in composing sentences, expressing their thoughts skillfully, producing various kinds of words or sentences, or understanding long, complex sentences. They lacked emotional expression and simplified the verbal expression of their spontaneous speech and composition. But, they could not be called aphasic. A remarkable difference in severity of language impairments was present between the left and the right hemisphere damaged patiens. While, the patients with left-sided thalamic hemorrhage showed mild language impairments, but their language values were constantly higher than those of the patients with left-cortical lesions. Their language impairments were different from those caused by damage to cortical language areas (Fig. 2) , and they could not be called aphasia. They did show difficulty in spelling, writing words or sentences, reading and comprehending long and complex sentences. They also showed circumstantiality, decreased attention, impaired self-control, and some difficulty in maintaining concentration. The patients with right-sided thalamic hemorrhage didn't show language impairments except slight difficulties in spelling kanji (Japanese ideograph), composing sentences, and word storage (Table 7 and Fig. 2 ). Of special interest is the fact that the patients with right-sided thalamic hemorrhage remarkably showed difficulty in spelling Kanji spontaneously in spite of their normal abilities in spelling Kana (Japanese phonogram) as shown in Fig . 3B . While, the patients with left-sides thalamic hemorrhage showed mild difficulty in spelling both Kana and Kanji (Fig. 3A) . But, the significant right-left difference in language function noted in group with cortical lesions was not presented clearly in the thalamic hemorrhage group except the evidence of spelling above mentioned . The severity of language impairments in patients with thalamic hemorrhage correlated with the size and severity of lesions as demonstrated by CT Scans (Fig . 1) : Hyperdensity was limited to the thalamic region in the Cases (1) , (2), and (3) having good language functions. While, in the Cases (5) and (6) showing some language impairment, hyperdensity involved a relatively wide region around the thalamus . The language disturbances seen in Cases (5) and (6) apparently need both the thalamic lesion and also damage in surrounding regions (Weisberg 1986 ) . Rhythmic capabilities (temporal perception c expression).
The results of the rhythm test on our subjects are presented in Table 8 . These scores of Table 8 were also illustrated schematically using the six anglescore profile-chart (Fig. 4) , and then Fig. 5 could be shown. All patients with cortical damage showed remarkable rhythm disturbances.
In aphasics with left-hemisphere lesions, the types of rhythm disturbances appeared characteristic for the different types of aphasia. The fluent aphasia group showed reduced capabilities of perception and expression, while the non-fluent aphasics showed more significant drop in expression than perception. Six out of 20 patients with lesions of the right hemisphere were close to the normal control group in performance. The remaining 14 patients, however, showed some rhythm disturbances: 7 cases with slight impairments of speech production (eg. dysarthria) showed reduced capability of rhythm expression in comparison with its perception, while 7 other cases with disturbances of mental status such as amnesia, constructional apraxia, and agnosia, showed both reduced capabilities of perception and expression. As a while, the group with lesions of the right hemisphere had better scores rhythmic test in rhythm test than the group with lesions of left hemisphere, and a marked difference in severity and type of rhythm disturbances could be seen between the group with cortical lesions of left hemisphere and that of right hemisphere. While all patients in the group with thalamic hemorrhage showed hypofunction, the difference caused by left and right thalamic damage was not as striking as it was in those with cortex damage. There was no specific type of rhythm disturbance peculiar only to thalamic hemorrhage; in fact, the type seen in 10 of 12 cases of thalamic hemorrhage resembled the pattern seen in the transcortical motor aphasia in the group with cortical damage, confirming the observations of Cappa and Vignolo (1979) and Mcfarling et al. (1982) that thalamic aphasia symptoms are similar to those of transcortical motor aphasia. However, as indicated in Figs. 8 and 9 , even if the rhythm disturbances are similar, a difference in the quality of tapping-wave forms can be demonstrated between those with cortical and those with thalamic damage as discussed below.
Electro tapping graph. Fig. 6 shows examples of the tapping waves in patients with cortical lesions of left hemisphere including transcortical motor aphasia (See the asterisks in Fig. 6 ), while Fig. 7 shows examples of the tapping waves in patients with thalamic hemorrhage. These waves are recorded by the Electro Tapping Graph, that is, the Tapping-Measure (Patent pending). The degree of tapping-pressure is recorded on the vertical line , while the degree of tapping-duration is recorded on the horizontal line. All cases with aphasia showed abnormalities in the waveforms including irregular , somewhat rough but weak, unstable tapping pressure. All aphasics showed difficulites in producing or programming how to tap rhythmic patterns. Remarkable differences in impaired waveforms distinguish each aphasia group. In contrast , the patients with thalamic hemorrhage had regular waveforms with abnormally high tapping pressure, but 4 cases with relatively wide lesions around the thalamus showed the reduced tapping pressure (See the star marks in Fig. 7) . The tapping movements were maintained but they failed to reproduce rhythmic patterns presented to them. The patients with thalamic hemorrhage had difficulty in producing the appropriate rhythmic patterns, in spite of the fact that they showed no difficulty in performing movements of rhythm-tapping.
They often continued tapping automatically one pattern of rhythm. They showed difficulties in connecting these auditory informations of temporal factors with the system of motor programming. Thus, a technique of the electrotapping graphy could demonstrate these dysfunctions of audio-motor coordination visually through recording tappingwaves by using the Tapping-Measure.
This electro-tapping graphy also demonstrated that the remarkable difference in tapping-wave forms could be seen between aphasics with cortical lesions of the left hemisphere and the patients with left-sided thalamic hemorrhage. 
DISCUSSION
The thalamus is one of the most important structure for human's behavior in the limbic system. The thalamus relays subcortical inputs to cortical areas, and almost all thalamic nuclei have well-developed reciprocal connections with cortex. Each thalamic nucleus, especially those that are not sensory relay nuclei, has projections to multiple cortical areas. The thalamus is closely related to various parts of the brain, and therefore, the thalamus has various kinds of roles in the brain's function. And, it's clear that the thalamic dysfunction may produce many kinds of neurobehavioral deficits; motor and coordination disturbances, mental deficits, and disturbances of sensation are seen as the symptoms and signs resulting from thalamic disease. The first description of the thalamic syndrome was written by Dejerine and Roussy in 1906. It is characterised by anesthesia of one half of the body together with spontaneous pains and over-reaction to sensory stimuli and chorea. During the past few years several other cognition disorders have been described in connection with thalamic lesions; Potzl (1946), Arnold Another thalamic symptom is language deficits. The first observation on thalamic aphasia was written by Dejerine and Roussy (1906) , and a few years later Hillemand (1925) and Lhermitte (1936) also reported on it. Despite these early obsevations, the idea that the thalamus has an important role in the maintenance of consciousness and in the performance of higher functions has only recently been recognized. Clinical interest in the neuropsychological effects of thalamic lesions is more recent (Mateer and Ojemann 1983); Fisher (1959) reported that left but not right thalamic hemorrhages were commonly associated with a language disturbance, and Penfield and Roberts (1959) hypothesized that the thalamus was an important link between anterior and posterior cortical language areas. In the last ten years, with the advent of computerized tomographic scanning, greater numbers of cases with spontaneous thalamic lesions can be identified during life, so that detailed assessment of language function can be obtained. And the relationship of the thalamus to the mechanism of aphasic symptoms became clearer than before; Brown (1974) claimed that the disturbances of language with subcortical lesions were in only a secondary manifestation of a more global disorder of arousal. Mohr and coworkers (1975) reported that a thalamic role in regulating cerebral surface gray matter activity might be speculated. Furthermore, Ojemann and Mateer (1979) suggested that there was an attentional mechanism at a subcortical level, and also suggested that this attentional mechanism in the dominant hemisphere modulates language and verbal memory in man. In this present study, the functions of language, rhythm-perception and rhythm-expression (audio-motor coordination) were investigated in the patients with cortical lesions and in the cases with thalamic hemorrhage. The results (Tables 7 and 8 ) of these investigations and the summary (Table 9 ) of the whole results above mentioned brought us some interesting findings to probe the relationship of the thalamus to the mechanism of aphasic symptoms. Fig. 9 illustrated schematically using the six angle-score profile charts (Figs. 4 and 8 Not surprisingly, comparison of left-and right-hemisphere damaged patients revealed marked malfunction of language and rhythmic capabilities in the group with left hemisphere lesions. Some correlation could be seen between the rhythm disturbance and the language impairments in terms of severity and types. In contrast, the patients with thalamic hemorrhage showed a dissociation between severely abnormal rhythm and milder language impairments. The language function values are constantly higher in the cases with thalamic hemorrhage than with cortical lesions of language areas, while the rhythmic capabilities are reduced, a tendency unlike that of the group with cortical damages. A remarkable difference in severity of language impairments could not seen between the left-and right-sided thalamic damaged patients, however, we found some evidence for a lateralization of Kana (Japanese phonogram) spelling to the left and Kanji (Japanese ideograph) spelling to the right at the level of the thalamus: Kana gives us phonological informations of words, while Kanji gives us visualized meanings of words. This finding is supported by Fedio and Van Buren (1975) : They reported that the right-sided brain is related to visual-spatial functions, while the left-sided one is related to language functions in the thalamocortical system. From these observations, seveal points can be made. First, language is primarily a function of the cerebral cortex of the dominant hemisphere, while the thalamus is more closely related to rhythmic (non-verbal) functions (timing process). This finding suggests that the thalamus is not related directly to language function. This suggestion can be supported by some recent reports : the aphasic symptoms following thalamic hemorrhage is related to the effects of pressure of ischemia on the cortical areas (Benson 1979 ; Alexander and Loverme 1980 ; Damasio et al. 1982 ; Jonas 1982) .
A second point is that both thalamus and the cerebral cortex are related to the rhythmic functions, and that the role of the thalamic area appears different from that of the cerebral cortex in the process of timing. All patients with dominant cortical lesions showed some degree of difficulty, either in producing regular tapping-waves or programming how to tap; in contrast, the thalamic patients showed little difficulty producing and programming the regular tapping-patterns. While the patients with thalamic hemorrhage produced regular tapping-waves smoothly, they had difficulty in producing the correct patterns after they were presented to both ears. This finding is in agreeement with the experiences of other investigators : Spiegel et al. (1956) reported that thalamic lesions induced "chronotaraxis (confusion of time)" , and that the patients with thalamic hemorrhage made errors regarding the duration of time ; Ojemann (1982) suggests that thalamic area is related to motor learning and integration of more basic motor function. Our finding can tells us the following: the cerebral cortex appears to play a role in analyzing and programming timing activities; the thalamic area plays an important role in balancing and integrating the functional relations between the motor and sensory systems, and also between the programming and analyzing activites. Glosser et al. (1982) reported that thalamic patients showed difficulty in distinguishing in the hierarchic relevance of various stimulus, and also that they couldn't analyze and organize multidimensional informations.
Not only language structure but also rhythmic one are generally deemed to be hierarchical (Cooper and Meyer 1960; Liberman and Prince 1977; Nakamura and Kuwahara 1979; Nakamura 1980 Nakamura , 1981 , then it's quite natural that patients with thalamic lesions show some rhythm disturbance. Our speech activities can't be performed without the process of temporal analysis and synthesis (Myklebust 1957; Lenneberg 1967 ; Martin 1972) . It is, therefore, quite right that language disturbances can be induced by timing malfunction caused by thalamic or cortical damages (Efron 1963; Perkins 1977) . Brown (1974) , Riklan and Cooper (1975) , Ojemann and Mateer (1979) and others reported that thalamic aphasia (quasi-aphasia) was caused by attention-loss or arousal deficits resulted from thalamic dysfunction.
While, my present study brought us the interesting suggestion: rhythm disturbances that affect language function can be induced by thalamic hemorrhage through damage to the timing mechanism. It can be, therefore, concluded that the thalamic area, necessary for the timing mechanism, plays a part in the overall mechanism of aphasic symptomatology.
Further investigation and more data will be needed before the experimental implications of these findings become clear.
